Introduction
Transient radiative transfer within a participating medium has attracted the interest of many researchers due to the availability of short pulse lasers and their application to many emerging new technologies [1] [2] [3] .
A number of methods have been developed to solve the transient radiative transfer equation (TRTE), such as the Monte Carlo method [4] , the integral equation method (IE) [5] , the discrete ordinates method (DOM) [6, 7] and the finite volume method (FVM) [8] . Among them, the methods based on the differential form of -3 - the TRTE, such as DOM, FVM, are efficient and easy to apply to problems with complex media and boundary conditions. However, the DOM and the FVM suffer from large false scattering, and the transient wave front cannot be captured efficiently and accurately.
Recently, based on a discontinuous Galerkin (DG) approach, Liu and Hsu [9] developed and analyzed transient radiative transfer in two-dimensional graded index media using a discontinuous finite element method (DFEM). In the DG approach, the approximation space is composed of discontinuous functions, which is expected to be ideal in solving transient radiative transfer problems and accurately capturing the sharp wave fronts. The DFEM showed good performance in solving the transient radiative transfer problems. As an advanced version of the DFEM, a discontinuous spectral element method (DSEM) [10] , which enriches the DFEM due to the high order accuracy of the spectral method, was developed to solve transient radiative transfer problems. The DSEM was shown to be efficient and accurate in capturing the sharp wave front of the transient radiative transfer process. However, performance of the DSEM has only been examined in one-and two-dimensional cases.
In this note, the DSEM is formulated and applied to solve the three-dimensional transient radiative transfer problems. Its performance in solving three-dimensional transient radiative transfer is studied and verified.
Transient Radiative Transfer Equation
The discrete-ordinates form of the TRTE for an absorbing, nonemitting and scattering medium can be
with the boundary condition and initial condition given as [11] ' 0 ( , ) ( , , ) ( , ) ( 
The DSEM is then developed based on Eqs.
(1) to model transient radiative transfer processes.
DSEM Discretization
The radiative intensity field of the nth time step and direction m Ω is approximated in a function space : , ,
where 
where l ψ is a mapping function related to the vertex , st l x , which is defined as , , ,
By substituting the three-dimensional spectral approximation of the intensity field [Eq. (2)] into the TRTE [Eq. (1)] and following the general discontinuous Galerkin approach outlined in preceding work [10, 13], the final DSEM discretization of Eq. (1) 
( )
where the superscript operator "-" denote the values at the outside of element K [10] , in which n β and ( , ) n S r Ω are defined respectively as
where R L is a reference length and is selected as the characteristic length of the problem, 
Results and Discussion
The DSEM described above is applied to solve the transient radiative transfer problem in a cubic medium of side length L for the boundary-driven problems listed in Table 1 . As for numerical solution, the cubic medium is defined in the global coordinate system ( Fig. 1) with , , [0, ] x y z L ∈ , which will thereafter be subdivided into many small rectangular hexahedral elements as described in Section 3 during the DSEM solution. The medium is initially cold. In the first case, diffuse radiation is emitted from the bottom wall ( 0 z = ) of the cube at 0 t = and then travels in the medium at a finite speed c . At any given time t , the wave front will travels a distance z ct 
Conclusions
A discontinuous spectral element method (DSEM) is presented to solve transient radiative transfer problems in a three-dimensional semitransparent medium. 
